Abstract-Recently, because of the increase of computer information handled by computers, higher density storage devices are expected. The magnetically super resolution (MSR) is one of the high density versions for improving the conventional magneto-optical (MO) disk. The rear aperture detection (RAD) is proposed to increase the capacity by ten times or more. The center aperture detection (CAD) is also proposed for advanced storage magneto-optical (ASMO) disks. Moreover, narrower focused beam can be realized by using blue laser light, so that the track pitch can be much more reduced. Therefore, narrower track pitches give rise to the increase of the crosstalk between adjacent tracks.
INTRODUCTION
The magneto-optical disks are used as rewritable type media of information. However, the optical diffraction limit prevents the possibility for increasing the storage capacity. In order to break such an optical diffraction limit, the magnetically-induced super resolution (MSR) method [1] has been proposed. For MSR, several different kinds of methods have also reported such as Front Aperture Detection (FAD), Rear Aperture Detection (RAD), and Center Aperture Detection (CAD) [2] . We have already analyzed the signal detection characteristics of MO disks with CAD method [3] .
In the present paper, we try to analyze the scattering of light from a RAD-MSR disk model using blue laser and high NA object lens by FDTD method [4] .
BASIC THEORY

FDTD Method
In a MO medium, the Maxwell's equations in the time domain are expressed as
where the permittivity and the conductivity are assumed to take tensor forms, and the permeability to equal the one in free space. The finite difference formulation in time domain of Eq. (1) is the same as the one for the conventional FDTD method.
The permittivity of the medium is given by the tensor with opposite sign pure imaginary offdiagonal components as shown in Eq. (2):
where the sign of the off-diagonal components is changed by reversing the direction of magnetization. Substituting Eq. (2) in Eq. (1), the FDTD update equation for MO medium can be obtained [5] . In order to calculate the update equation, we have to carry out calculations containing several complex quantities. Therefore, all electromagnetic field quantities should be defined as complex quantities. 
RAD-MSR Readout Principle
The RAD-MSR disk is composed of three exchange uniting layers, readout layer [GdFeCo] with week magnetic wall anti-magnetism, assistance readout layer [GdFe] with both relatively low Curie temperature and perfect in-plane magnetization characteristic in room temperature, recording layer [TbFeCo] with big magnetic wall anti-magnetism as shown in Fig. 1 . The each magnetic medium is heated by the illuminated light-beam, and its temperature distribution becomes Gaussian. Because the disk rotates at high speed, the rear side from the center of the beam spot becomes high temperature. Therefore, in the illuminated spot, there are two different kind of magnetized regions, i.e., the mask (reading impossible) region where the initialization magnetic field still exists due to low temperature and the aperture (reading possible) region where initialization magnetic field vanishes due to high temperature. As the result, it is possible to readout electively the readout the small magnetic district below optical resolution.
The readout layer is magnetized in one direction by the initialization magnetic field in low temperature area, and the readout assistance layer is heated by light-beam until it becomes Curie temperature. As a result, the readout assistance layer loses its magnetism, and because the magnetic coercive force of readout layer is decreased, the magnetic field of the recording layer is transcribed on readout layer. That is, it is possible to detect the record mark.
MODEL FOR ANALYSIS
In order to analyze the models, let us consider the three dimensional RAD-MSR disk model which has five layered structure with Land/Groove as shown in Fig. 2 . The disk model is assumed to be moved in the x direction. In order to make recorded marks, the LD-pulse luminescence magnetic modulation method is assumed to be used. In this analysis, we consider the case where the recoded and non-recorded marks are alternately allocated. Therefore, the magnetized area has the shape as shown in Fig. 3 , when it is seen from the surface of the disk. The upward magnetization corresponds to the recorded state and the downward one does to the non-recorded state. In this figure, the bit length is assumed to be 240 nm and the bit radius to be 120 nm. The thicknesses of protective layer 1, readout layer, readout assist layer, recording layer, and protect layer 2 are assumed to be 50 nm, 20 nm, 30 nm, 40 nm, and 40 nm, respectively. Moreover, the depth of substrate is assumed to be 40 nm, the width of land to be 265 nm, the width of groove to be 265 nm, the tilt width between land and groove to be 40 nm and the adjacent mark radii smaller than about 240 nm. The medium constant of each level is shown in Table 1 . The values of the non-diagonal permittivity can be estimated by the fact that in general the polarized angle of the detected light from MO medium is about 0.3 degree. We cannot obtain the exact values at the present time, however, the values used in the present analysis are chosen so that the polarized angles become about 0.3 degree. In Table 1 , ε 0 is the permittivity of free space. In the present FDTD analysis, we use cubic cells with 3 nm edges, and the size of the computation region is taken as 331 cells in both x and y directions and 201 cells in z direction. The incident light is assumed to be a Gaussian beam with the beam radius or spot size 150 nm and with the x-directed electric field, where 405 nm is the wave length of the incident light in free space.
The source distribution for exciting Gaussian electromagnetic fields with given parameters is assumed be located at the position from the surface of readout layer by the distance 112 cells [9] .
It is well known that the crosstalk is greatly decreased when the depth of the track is about λ/6n derived from scalar theory. However, the narrower track pitch such as blue laser disk structure can produce much more cross talk. Therefore, in the present paper, we try to analyze the dependence of the crosstalk characteristics on the groove depth h around λ/6n. Fig. 4 shows four different cases with or without adjacent marks for recorded or non-recorded case for the present analysis. polarized field between recorded and non-recoded states. In MO disks, the phase angle between main-polarized and cross-polarized components is also an important factor for the detection of signals [10] . The phase angles between main-polarized and cross-polarized components collected by the object lens with a given NA are shown in Fig. 7 . From this figure, we can observe that the phase differences in the direction of optical axis for the non-recorded states take almost constant value 180 degrees for the change of the groove depth.
On the other hand, the phase differences for the recorded states are varied by the groove depth change, i.e., they become zero degree for the cases where the depth becomes 60 nm or more, however, for other cases, they deviate from 0 degree. That is, we have better readout characteristics for the cases of 60 nm or more groove depth more than other cases. The optimum value of groove depth λ/6n = 42, 72 nm is predicted by the scalar theory. However, the optimum value based on the present analysis is greater than the scalar one. For the case of 50 nm groove depth for which the worst case is indicated in Fig. 7 , we show how the phase characteristic depends on the recoding state of adjacent marks in Fig. 8 . From this figure, the influence of the adjacent marks on the phase characteristic is not observed for this analysis. 
CONCLUSION
In the present paper, we have applied the three-dimensional FDTD method to the analysis of the light-beam scattering and the characteristic of detected signal from a RAD-MSR disk model and examined the influences of the groove depth on the crosstalk characteristics. The results obtained here indicate that the diffraction pattern of the main-polarized component depends on the groove depth of course, however, it dose not depend on the recorded or unrecorded state. On the other hand, the cross-polarized component depends on the states where the recoded signal exists or not. It has been also shown that the phase difference in direction of optical axis for the non-recorded states does not depend on the change of groove depth. On the other hand, the phase differences for the recorded states are varied by the groove-depth change, i.e., they become zero degree for the cases where the depth becomes 60 nm or more. However, for other cases, they deviate from zero degree. That is, we have better readout characteristics for the cases of 60 nm or more groove depth than other cases. It ha been shown that the optimum value of groove depth in this analysis is grater than the well-known value λ/6n = 42, 72 nm obtained from scalar theory.
